
a) In all casts, WC plar close cooperation with the users in 
311 3SD?Cf'; of the problem, Rlthouqh the basic isolation 
procedures are the problem of each invcstiqator, his knowledge of 
th? 3va:lable facil ities ar.? their limitations can be an important 
3i3 t3 ssmple preparation and Inalysis of the results. This is 
gartizularty true for collaborst3rs who arc unfamiliar with the 
tczhniques of HRFS (e*q*, sample size and resolving power 
I en 2 :s s I r y t-, separate the mass doublets that can be realistically 
nxpez+oT in different contexts). 

b) The needs of the user comnunity will be varied. Drs. Duffield 
3n? Smith sill, in collaboration with the users, determine the 
kir.3~ Qf MS experiments which will he most useful, considering 
33Klpl2 complexity, stability, guantity, and so forth. We wish to 
lltilize fully the existlnq resource and our proposed extensions, 
5ricqinq +:, bear on a problem any techriqu2 which is appropriat-e 
snd z3n h? provided. This will include the full scope of 
available experimental techniques in MS (LRPS, RRMS, GC/LRNS, 
;C/HRYS, mztastable defocussinq, ultra-high resolution mass 
asas.Jrlments) and available computer proqr2ms (see below). 

cl Y3ny problems will be amenable to treatment by computer 
proqrams which exist or which uill be 3evelope3, fDr example, 
3tru:tur31 isomer problf?ms or HEMS interpretation on compounds in 
3 w-11-understood class. We will take the responsibility for 
utilizinq t.hese proqfams where appropriate to assist in structure 
?J.nci3?+ion problems, Ide will instruct members of the community 
irl else of the proqrams when pr3qrams are used routinely by 
c3l.labor3t3rs. 



Wolezu13 r structure elucidati31 entails the intelligent and 
~2tieri+ application of a large body of krouledqc to each specific 
Dr?hlen. The importance and relative difficulty of the problem 
;.~pel us to seek the powerful assistance of computer programs to 
helo chemists in their analyses. It is unlikely that such 
prnqraas will ever replace chemists, especially because computer 
pcoqrams are readily written only to focus on rather narrow 
3s~ects of problems. Nevertheless, our past research is 
roasonahly forwarded as a demonstration of the computer's ability 
tn Issist in practica, 1 biomolecular characterization although this 
was 3 spinoff from theoretically oriented research. 

Tn order t-, meet the major objectives of this pronosal we will 
fnzus our Itter.tior! primarily 3n structure elucidation of 
b13merIiz sllfy important compounds throuqh YS and AI. However, many 
of t.ho cDmoute!r proqrams can already use information from other 
analytical techniques. Sr, we want to be able to think of 
structure alucifiation in the context. of an ensemble of analytical 
caoabi? ities. 

A. Snbancing the Power of the Yyi.lss Sptctrometry F?esource 

Wo have developed a siqnificant resource consisting of 
instrunentation (the Varian CAT'-711 and ancillary equipment) and 
conou+.rr programs for instrument zvalu%tion, data acquisition and 
reduction. Pouti ne reduction of high resolution mass spectra to 
elsEsnt31 compositions and ion abundances without human 
intervcrtion provides the capability for efficient handling of 
13cqe volumes of hiqh resolution mass spectra (such as will result 
Er3m SZ/HF??IS runs). The development of the GC and of the SC/MS 
combination is in the excellent hands of Ys. Annemarie Wegmann, 
vh3 is responsible for operation of the complete system. We now 
!L~VP mpr? than two years o f operational experience with the WS, 
I- ha . .I ._ :;C and related equipmsr-t. under a wide variety of experimental 
conditions. 

U?ne of the resource-related research discussed in this proposal 
cd2 ba carried out without siqnifisant quantities of mass spectral 
33ta. The ?xistencc and extensions of the HS resource, the 
d~velopmert of computer techniques and the applications to 
biomedical problems demand an efficient atecAar!isn! for acquisition 
3nd ro?Iuction of p4S data, and eventual transmission of the data to 
the S:JFJ?X resource. Th!lS, operation of the MS requires 
s;rrbstar t Lal computer sunport t9 deal with the large volumes of 
data produzcd by the system at hiqh data rates. WP feel that a 
properly confiqured system of hardware an3 software should 
orovide, at. a minimum, the followinq clpahiliti6s: 

1) nptailed evaluation of the condition an4 performance of t_he 
PS pri3r to recDrdinq data on valuable samples, with feedback to 
the 9P?ra+or. 

2) A coordinated system of hardware and software for signal 
~nn3itiotlinq, peak detection and peak analysis. 



31 D3ta reduction techniques based on a compute3 (not theoretical) 
a3?el 3,f the MS, j.ncluding peak shaoes, mass/time function, and 
resolving power as a function of mass. 

4) Pe3k profile analysis for aultiplet <otsction and resolution. 

5) Conpllter control cf scan rates, clock rates and optimum 
Tn3loJ and diqital filterinq parameters. 

3) some on-line feedback, t? the operator, assessing the 
D?rform2ncz of the svstem Burir,q an experimcn+. 

7) The system must cleal with frequent DC repetitive HRMS 
SZITS, req:~li.rinq the capability for rapid st.orage and analysis of 
laras volumes of data, 

Pr?v.ious support of our research by the NIH an? NASA has given US 
a firm foundation of pr9qrams and experience. WC have, up until 
thp termiRltion of the ACHE computer facility (July 31, 1973) , 
demonstrated canabilities 1-5 above. we ueco precluded from 
o,rrsuinq canabilities h and 7 d!le to the configuration of the ACME 
fazilitv. 

Fhe ??mi.sc of the ACME computer facility an4 thp subsequent 
i?:ornorati.on of the Pf./ACFT;‘ 13nguaqe into a new XR?! 370/158 
factlity under S%anford auspices has forced a reevaluation of the 
means for providinq HFP!S laboratory computinq support. We had 
3reviousl.y depended exclusively on AC#E for data reduction 
pro:zssinq. The AZMR transition poses both technical and fiscal 
~?JiSiOTlS in that the real-time support capabilities of the new 
f3r~ilicy will he different from ACME9s and the fee for service 
basis of the facility requires an explicit budqet allocation for 
its use. Previously we had received ACME computing support 
Y i. t. h 3 II t sbsrqe as Dart of the core research effort. Since we were 
thus required to revise our computinq plans, we have explored a 
number ot: options for near-term as well as longer term solutions, 

r!s outline? in the attached annual report, we haoe chosen an 
ir.t?rim approach (throuqh the end of the current grant, 4/30/74) 
whish mS.nin\izes near-term costs, includinq hardware and software 
:3lv2rs%3n3 as well as operatinq expenses. This approach entails 
zonnectinq the WA I v-711 spcctrome+er to the 370/158 computer 
throunb an IBM 1300 interface. It allows use of the existing 
?L/A:ME nroqrams but will have real-time response limitations at 
least 3s severe as ACME had (which is inaflequate for either 
;?//!?P'S or SC,'HRPlS). Our existing cornouting budget provides for 
3nly a very low level of instrument utilization in this mode. 

For a lonqar term solution these constraints are unacceptable. 
:urre?t estinates are that ror,tinued use of the inadequate 
19~0-37~/1SS connection and PIJACYE interactive programs under 
full instrument productivity would cost up +o $4,100 per month. 
Three alternatives have he!er. investiqated for improving technical 
nerf7rmanc.2 and reducing cost. This review has resulted in our 
zurr?ntr pr3oosal to augment t hz existiI?q mini-computer system 
(PDP-17/20) with local storaqe and arithmetic capabilities. This 
stand-31 on3 system would not support real-time, on-line data 
reAuztion but woulif allow routine 4ata acquisition and instrument 
Dcrform3nc3 evaluation, followed by off-line data reduction. 



Alternatives consi.dPre:l include: 

1) Yo1ified 370/155 Connection 

W? di scussed with personnel in the Stanford Center for Information 
Processing (SUP) various approaches f3r improving 373/158 
secvic0. netailed planninq is still under way within SCTP in 
regatr$ t3 real-time support and futllre pricing policies. Thus the 
fnll.0uir.q conclusions are tentative. It appears that the 
lonq-term cost woul? bc prohibitive to continue real-time data 
acquisition by the 370/158. 1nst.e3l, a store-and-forward system 
was proposed. This would entail an augmentation of the existing 
PnP-11/23 front-end mini-computer with memory, disk, tape, and a 
n?w interface to the 370/15A, totaling about $28,000. This 
approach is workable, if limited near real-time instrument 
perf?rnance evaluations could be made to assure satisfactory 
in;tr*xment setup and data acquisition, It was recommended that 
thr! exisrlnq software be converted from PL/AZMF to a more 
?ffici.ent lanquaqe (such as FORTRAN) to rpducc operating costs. 
This would require approximately 4-h man-months of effort. The 
resulting decrease in operating costs could not he estimated in 
tine for this proposal because the new SCIP pricing policies are 
not formulated and inadequate 370/158 system analysis tools are 
operational to evalllatc our benchmarks in terms of detailed 
CRSOUrza consumption. We have therefore budqeted an approach 
b~se3 on the remaini.r_q two options with the understanding that we 
WZll recnn;ider the SCTP option before proceeding nith an 
innlea?ntation should this proposal be funded. 

Phe recently approved AI,: "-SIJPEX PD?-10 facility will provide 
I?z"ss3cy zomputinq support for the development and use of DENDRAL 
A r Droqram;s. The ??S laboratory produces data which these 
proqrams analyze an3 thus has a close relationship to the RI 
tcsPar-ch. The SUMEX computer could help in the off-line reduction 
3f instrument data, particularly during the early stayes of the 
proie~- -t when the machine load will be relatively light (20-258). 
The present programs would require conversion from PLfACME as in 
option II), which would take 4-6 man-months. Such computing may 
use from 35-31, mlnutcs of CPIJ time per day, depending on the 
amount of ;C/MS work, while this approach saves operating 
zninputin~ costs, the front-end PDP-II/20 would require 
auqaentation as in option (I) ($28,000) to allow store-and-forward 
3p-Pration wi.th subsequent off-line data reduction on SIIMEX, This 
is neede? because SIJVPX is not confiqnred to allow real-time 
acqrlisitior of the volume of ?ata anticipated. This approach, 
vhil$ t4e least costly, wollld entail a measurable use of the 
PI)P-10 resources whi.ch we feel are better reserved for the 
i?t?n!le,l AI,Y-SIJVSX applications. In addition, because of the 
pcinrriti?s anticipated for allocation of S'JYSX to AT research, 
Darticularly as loading increases, scheduling may he required 
which will constrain the PS laboratory operation. For these 
reasons, w2 feel a better, even though slightly more expensive, 
ripproach is a stand-alone PDP-1 l/23 data reduction system. 

3) ~t3nd-Aloce PT)P-1 l/20 
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Th2 3uam2ntatJons of the existing front -end PnP-11/20 required for 
5t3ro-and-f orward operation in conjunction vith the 370/158 or 
with SW! T;'x, come close to meeting the nes3s of a stand-alone data 
syste.n, In addition to the menory, disk and +2pe, an augmented 
arithmetic capability is neede3 to allow rapid floating point 
zalculstions. A special device for this purpose costs about 
‘3 7 , 500. T!le SJJCEX interface can be less sophisticated in this 
case, however, accoun+ir,q for the much lower data volume after 
ce3uction, so that the total cost of the stand-alone system would 
bF? 3;34,000. As with the other ontions, conversion of the present 
proqrams would be required. 

vhis approach, while sliqhtly more expensive, has the advantages 
af off-loaling all. data loqqicg an3 reduction functions from SDHEX 
an3 affords an adequate capacity for non-real-time, stand-alone 
?ata reduction on the PDP-11/2D. It furthermore allows more 
fresqoa an? responsiveness in the operation of *he MS laboratory 
since ?ata collection or reriucf ion can he scheduled without 
vorryinq about the impart on AIM-SUKEX users. we therefore 
sropose an3 have budgeted an augmentation of our existtng 
mini-computer system as a stana-alone ?ata reduction facility. 

IT tie biomedical community (see !Jser Community, Sec. I.D.4 above) 
Iziirinq access to our facilities for strflcture elucidation have a 
vac5et.y of problems, some of which can be solved by existing 
instrumcltation and computer techniques, as noted ribove. However, 
~anv problems consist of complex mlxturcs of compounds where 
inalysis by conventional GC/T,RP? S rloes not lead to unambiguous 
;3l?tions, wi separation of components on a preparative scale for 
other spectroscopic analysis is 3ifficult (e.g., see marine 
ster313, section D, belou), These problems are amenable to attack 
by a system comprised of a GC/Hl?YIS combination, the GC providing 
S?P3Ctlti.OiY, coupled with the PYS operating at hiqh resolution to 
provi?e el?mcntsl compositions. Thus, upgra-linq of our current. 
svstem so that SC/HPMS data can be provided on a routine basis is 
a -lesirabla, and we believe necessary, st2p to solve many of these 
problnms. 

tl:? propose to continue the development of the ;:/HPYS system while 
nairtai cinq existing capabilities of rr>uti.nc BRAS analysis and 
?r/Pl: uhera this efficiently responds to local needs. Many 
aembers of the user community will require in addition to GC/HRMS, 
YPYS analvsis of relatively pure compounds or mixtures of small 
a~mbess of compounds. me will provide this capability on an 
t~terim basis, usinq St_anfordls TRY 370/1513 system while the PDP 
11/23 syst"m is being upqrade?. 

We wer? able, using the ACRE ssmpr~ter facility, to start 
zvafultinq the operation of a GC/YS system at high mass 
resolutions. These experiments were hampered somewhat by the 
Liaits+lons of the computer system useI to acquire the data (only 
occasi 31131, sinqle scans were possible); they were necessarily 
liscontinaed (as well as all Hf)wS operation!) upon the termination 
of AC"4E. we do have, however, some benchmark figures for the 
oerformanca of the proposed system. flixturos of fatty acid esters 
(e.q., methyl pslmitate and methy, 1 stearatc) qave good quality 



naas measlrrements (+-lo ppm) over a dynamic range of 100~1 for 
sample sizes of the order of 0.5-l-O micrograms/component during 
19 sen/l2c33e in mass scans (resolvinq powers S,OOO-R,qOO). 

W? 3~0 haltinqly cont.icu inq our evaluation of the SC/HI?% system 
aven without a data system, making measurements on individual ions 
>f the 1113s~ standard and known materials in the GC effluent. 
fhas~ data can be approximately translated into expectations 
7 ur!.nq dyn3tmic scanninq. We have performed an extensive series of 
mnasurements on both methyl stearate and cholesterol (not 
?erivatFzed), the fatter compound being more representative of our 
7urr?at research problems. These measurements tend to confirm the 
2r*limi?arv data described above. Firmer data will be available 
slxhsequnnt to the submission of t-his proposal. 

~5 prorose to operate our existinq GC/YS system under high 
c?s.~l:~+ion conditions siminq toward optimization of resolving 
D-Jd"T?, sc3n rates and GC and molecular separator operatinq 
z9rditions to determine the paxlmum usable sensitivity of the 
SYStI?C!l. 

. i42 r3zoqnlze that the ultimate sensitivity will not approach that 
attainable by photographic methods of recorclinq; WP feel that the 
3kilit.y for on-line operation and evaluation of the operating 
conditions of the ?lS partially offsets the sensitivity 
di;advantaTes. We realize that some structure elucidation 
Droblems will not be amensblc to study because of the sensitivity 
limi tstions;; we feel, however, that many problems of interest to 
the U;?SC Community can be studied effectively with this 
performance? capability. Rather +h3r. propose a research program to 
inzrcase the sensitivity of hiqh resolution mass spectrometers 
(P.4., McLafferty, et-al., Anal. Chem., 44, 2282 (1972), dynamic 
CP ;:l3inninq of peaks; Jet Propulsion Laboratory - chemical 
multipl!er emission/detector arrays, private communication to T. 
Rindfle'sch), we propose to identify our limitations and, with our 
z~LlaSnrat~r5, use discretion In selecting 'and preparing samples. 

FlIrther 3 s;3lerstions of technical capability to meet the statp of 
+!-i3 3rt jc sensitivity will require investments in hardware that 
233 he better justified at a later staqe of a successful facility 
program , Yeanwhile, other laboratories can be expected to make 
siqrlifi zInt contributions to this important problem. Practical 
r-?arl for budqet 15mitatiops is the main reason we do not press 
t'lis issue ourselves at the present time. 

yiqnifizant improvements in sensitivity (with only small decreases 
in mass measurement accuracy) can be achiave3 by operating the MS 
?t reduced resolving POWPI--: coupled wit. h intelliqent analysis of 
tha cesultinq data to detect and resolve the potentially greater 
n!~aFer rf 2verlappinq peak envelopes, This proposal is not 
??kire'lv new (e.q.# see Smith, et-al., Anal. Chem., 43, 1796 
(1371) ; nurlinqame, et.. al,, in l*ComputPrs in gnalytical 
Chemistry," C.H. Orr and J.A. Morris, Yd,, Progress in Analytical 
"hnmistry, Vol. 4, Plenum Press, N2w York, ??.Y., 1970, Chap. III). 
Jr? can, however, siqnificantly extend these earlier techniques by 
ztiliza+iol of 3ur multiplet resolution alqBrit hm. This algorithm 
?~holie? in a computer proqram, has been shown to increase the 
effective resolvinq power of the ?9S up to a factor of three. It 
hnses its ooeration on a dynamic model of peak shape computed 
3iccl:tly from the data, For computational efficiency and to avoid 



splri?us infDrm3tlon, this algorithm would be best implemented as 
3 post-processor, basin9 its search for multiplets on the results 
nf pri>r elemental. composition determination. 

"he ability to detect and analyze for unresolved peaks is mediated 
by consideration 0, f the mass measurement accuracy of an MS system. 
r'hese svst?ms are capable of determining peak positions (and thus 
nasszs) to a sm3Ll fraction of the peak width. The high accuracy 
nf such neasurements (+- 2-10 ppm) can, in fact, be utilized to 
I?!. ezt. and "resoLven muftiplets in instances where the unresolved 
so,': UPS ar3 known precisely (see Durlinqame, et al., ref. above, 
??I? ::-I vs. 13C doublet fietection and resolution), 

For instlnzes where the !keteroatom content of a molecule is known 
3r where fhe possibilities are reduced severely by chemical, 
SD? ., -tr3sc>oic and mass measurement heuristics, there may be a 
r3Pqe of possible overlapping ions resulting from fragmentation of 
the moleoul3 l These poten%ial overlaps may be computed and then 
used (in combination with the known resolvinq power and mass 
~~~qsurn~?nt acctlracy of the MS and the measure1 mass of the peak, 
zssuminq it was comprised of only 3ne type of ion) to direct the 
nulti~let resolution proqran. 

As an exnmnle, we have computed the possible mass doublets for 
various ranqes of compositions (Sederberg, et al.., to be * 
ouhlishod), A sample t3bl.e for C, N, D =<4 is appended ITable 1). 
7nLv 28 of the 364 possibilities are shown, namely those whose 
n <as: d%fference {e) <*OS mass units. 

nf these 25, 13 show e>.03 and would he fairly easy to resolve, 
requirirq ?/5OOfi resolution at i"W=150. 

9t the other extreme, 5 doublets show e<.Ol fCY4 vs. H404; C2H20 
VS. N3; :2Y2 vs H403; C3N vs F203; and E4 vs H2N02) which would 
?exan,'l special treatment for resolution. 

T!lz? 10 dnllbLets for which -01 =< e =< .03 pose the interesting 
~h~lleaq~s for tradeoff of resoluti.on vs. scpsi+.ivit.y in the 
coat2xt of given problems, For example, i.f W is absent, the only 
ambiquities are C3 vs. H402 (e = -.02) and C4 vs 03 (e = ,015). 

N!uzh 3s WC would wish always t3 have unambiguous empirical 
formulas f9r all ioEs, HRHS remaLns a valuable tool despite these 
limitations. AS shown by these examples, even modoratp resolution 
c educes the number of candidates tn a manageably small number of 
aLternativ?s, eontextual. ar,d intnrval ?ata (within the spectrum) 
c39r-i 03 us21 to trim these fwthec at tjro levels: (a) pooling of 
3231: statistics to sharper. d ecision probabilities on the presence 
>f hztPr9atoms -- the fraqments are subsets of the mol+?cule and 
(h) the assemblaqe of candidate solutions unt?er each of the 
alternative formulae. ?anif?stly, computer processing can sort 
>t),t branchas of decision trees that would soon exhaust human 
p;itienze. 

These heuristics arp built i_nt3 the DEWDRFL programs {solutions 
b?SE?.l ?n fraqmentation theory), but are also applicable to table 
look-up approaches. 

WC {ref. 29,33), and others (e.g., H.-K, iaipf, et, al., J. Amer. 
:il?n. Sot., 95, 3369 (1973)) have illustrated the importance of 



neta<t?hle ion determinations in automated structure elucidation 
has-? on MS data. Data on metastahle ions must be judiciously 
;LTstecl because of the time and sample normally required to 
nerform the measurements. Our programs ar? now capable of precise 
snecification of those experiments necessary and sufficient to 
?istinquish among a se+. of candidate structures. We seek more 
efficient vays of acquirinq these selected instrumental dat.a. 
T3i.s can be accomplished with minimal cost by Developing the 
hTri7,irare and software necessary to perform (defocussed) metastable 
scan-; and zafculate the data. Zuch of the hardware, except an 
accurate sensor for accelerstinq voltage, alre3dy exists. We have 
ha? consideraS3.e experience in peak detection on the software 
3i.12; Fhn calculations to determine transitions are simple. rt is 
assumed that the operator would manually adjust the instrument to 
the 'i3sirel "!auqh teP pass prior to initiation of the scan of 
met astable oriqins ("parents*') of this daughter. 

Th? recent availability of reversed-geometry instruments has 
ncovided n?w methods of metastable defocnssinq (e.q., Beynon, 
-3+.al., Anal. Zhem., 45 (721, 1023A (1973)). We have illustrated 
the power of these techniques in mixture analysis {ref. 69). NO 
"n-,tmal" qnometry instrument is equipped to perform these 
aeasutaments to determine al.1 the dauqhters of a given parent, 
information which is frequently more useful than the converse. 
This infornation can be obtained, in principle, hy synchronous 
v3ri3tion 9f twr, of the three fields (maqnati.c/ accelerating/ 
electrostatic deflection) in a very accurate way. We would like 
to explore this possibility because we feel that this technique, 
if f?asi.hf?, would represent a significant upgrading of the many 
z;tan.Iard qeometry, double-fncussinq instruments in existence. 

n. :omputer Assisted Structure Elucidation 

A; m3ntionz3 above, some existinq proqrams c3n be used immediately 
For structsre elucidation problems using IIS data. The programs 
have been Iascribed in detail elsewhere and are mentioned in the 
se:tion on existing capabilities (Sec. I.B.E, above). The 
?13nnor's performance, for example, is excellent precisely in the 
areas where ES, by itself, is capable of definitive structure 
Tnllysis. The general intellectual flexibility of the human 
chemist is beyond the reach of plausible programs. On the other 
ban 3, whnva \> - (._ the history of a sample is known, so as to restrict 
th potential classes of compounds and for classes where the rules 
3f FAC; fraqaentation are well nnderstood, the program's performance 
matches +hlt of trained mass spectroscopists, the program also 
3ffets SO@l? advantaqes !.n its exhaustive and r3tpi.d analysis of the 
! a+ a. r?any structure elucidation problems of the user community 
fit into this cateqory ana existing resources can fulfill these 
nee?s, 

#h,lthec man- or computer-implemented. PlS cannot solve all 
5 tcuct IIre elucidation Problems, however, In such cases, recourse 
i- to other spectroscopic techniques if sample size permits. As &z-l 
?ns:ribed in the introductory section, diverse information is 
ni2c33. Coyether to achieve a solution. Interactive computer 
nroqrsms can assist in seqments of this procedure, with the 
advantaqes of exhaustive eva luayion of the data and the molecular 
structures suqqested by these data. 



rn 311r own and in planned col!abocative work, we rdill call upon 
t h I extensive facilities of the chemistry department for 
3cJuisition of additions1 spec+roscopic data. These services are 
filsnce3 by fees, paid from existing research qrants of the user 
zoaEuci.ty. There are sufficient documente? examples of structure 
?t,rcidati?? problems to obviate the requirement for extensive use 
3f +!-%ns:p a43itional facilities in 3evelopment. of the programs. On 
the other hand, the intensive pursuit of mechan iced "intelligenceW 
in the domain of MS requires more than availability of public ES 
'lata . Tt requires the collaboration of skilled chemists actively 
enqa?erl in practical ES research and, Rt the same time, committed 
to the nxploration of innovations in the application of AI to the 
solution of the problems 

As il +!lc? 3ast, we will deoelon the computer programs throuqh 
:los3 collaboration among Drs. Duffiefd an3 Smith (and other 
nembers of their qroups) and the pcnqram aesiqners and 
proqtammecs. for us, this means daily consultation for discussion 
3f str?iteqy, extensions to the proqram, an3 solutions to new 
prDblelFS, Tn particular, we propose to continue software 
devclooment (on the AIM-SUMEX facility) as folllows: 

1) The ret zntly completed structure generating alqorithm will be 
t he core OF our efforts to assist in structure elucidation. The 
strnztura generator can quarantee that the correct solution is 
somewhere in the list of possibilities. A?dit ional programs, such 
as th? Planner allow us to avoid exhaustive generation in 
dractice. Some parts of the cyclic structure generator program 
h2ve nDt. baen extensively tested yet, 2nd these tests will be the 
first task to complete. 

2) The structure elucidation task is stronqly directed toward 
rejection of whole cateqories (e.g., compound classes) of 
--,lSrtlons as quickly as possible by usinq as mlrch knowledge about z-3. 
t he chemical history or characteristics of a sample as is 
avail3hle. Details of spectroscopic data then define the 
nDlezil!ar framework more precisely. Each st.ep in this procedure 
ronroser.ts the application of constraints on the set of possible 
3313tions. Computational effici_ency demands that these 
constra5nt.s be applied early in the qeneration process when the 
structure qenerslor is utillze.1. 

‘.J? have ma3e some effort to examine th3 kinds of constraints used 
by scientists engaged in structure elucidation. We have begun 
Iesiqninq strateqies so that these constraints can be brought to 
be3.r 3n th2 structure generator. Some of these strategies involve 
nilor changes to tt?e existinq program; others require significant 
extensions of existinq qenerating functions. One approach which 
sc3!ns particularly attractive to us is presently under 
3evel3pm?n%. This approach will utilize the existing s%ructure 
qeaer3tor, with some modifications, to generate a dictionary of 
cyclic skeletons up to those containinq a maximum of twelve 
tertiary vertices. The dictionary will be a complete, irredundant 
list of rinq systems which contain no multiple bon3s and no 
cut-edges (acyclic parts), This .lictionary will be organized and 
<F?V?l 5;n t'lat many constraints can be implemented easily. The 
3iztior?ary will allow exhaustivr specification of ring systems 
with 1o?1bl~ bonds and/or aromaticity. The rings themselves can he 
13be11ed with heteroatoms to qenerate heterocyclic ring systems, 



3r with acyclic radicals t.0 qenerate substituted ring systems. 
rh? existence of the dictionary will lea? to greater computational 
3ffj.ciency as it nepds to be generated only once, ana specific __ 
cocfi.qarations of rinqs (numbers, sizes, fusions) can be pulled 
immediatelv from the dictionary. 

CI'? or-~posc to continue these investiqations so that a reasonable 
ilariatv of constraints can be recognized and utilized effectively 
hv a com!nuter proqram. This rapresents the first step touard 
increaisfnq the chemical knowledqe of a proqram which views 
molecular structures and their manipulation as mathematical 
entities and transforms. 

3) Prssent, effective use of the structure qenerator or its 
subroutine: for special problems requires a detailed knowledge of 
t*e proqram. We propose to develop an interface between users and 
the proqraa to remove tkis requirement. The interface would 
contain claments of s+ruct:lre input and display routines and a 
simple lanquaqe for application of constraints. Portions of these 
el333nts are available from other workers (e-q., Richard Feldman, 
R!TV) ar.3 we would draw on these sources whenever possible, 

4) Ue pr333se that initial efforts will be directed toward a 
system where the scientist examines his own data and inputs his 
fildinns (in terms of allowed and disallowed structural features) 
t.9 the prosram as constraints. The generator would then provide a 
list of possible solutions to he evaluated, followed by iteration 
on this procedure. 

5) ,A?any structure elucidation problems can be characterized as 
assembly nf sub-structures inferred from spectroscopic data into 
23trplE?tn molecular structures. Although there are two instances 
in the literature dsscriblnq programs with the capability to solve 
this problem (see S, Sasaki, "Determination of Organic Structures 
ay Physical. nethods, Vol, 5," P.C. Nachod and J.J. Zuchermanl Ed., 
Aca.dem<.c Press, Neu York an;! London. 1973, p. 285; M.E. Munk, C.S. 
Sanijano, R.L. P?cLean, and T.H. waskel, J. Rmer. Ehern. Sot., 89, 
415s flQ6-q). we do not feel these approaches flrlfill the 
requirements for qenerating complete lists of structures and 
avoi?inq duplicate structures. We have some strategies to solve 
this problem, thus extending the scope of the qenerator while 
tying iC more closely to the methods used by chemists engaged in 
structure elucidation, Our existing structure generator has this 
capabilitv; as long as the sub-structures are connected only by a 
si.r!qle I-ol-zrl, PO new rinqs are formed. 

61 IJe wish to implement general routines for finding molecular 
Lens from spectroscopic data in order to improve the general power 
of the Planninq proqram, Th2 current Planning program depends on 
7arinq som3 metastable ion information with HF!lS data, together 
with knnwladqe of the structural class with special rules for the 
class. k'e will incorporate strateqies sugqosted by Biemann (K. 
Fiemann and W.J. "IcPurray, Tet. Lett., 647 (1965)) and Plcbafferty 
(1. Venkataraqhavan, F. U, YcLafferty, and G. ?. Van Lear, Org. 
YilSS Spectrom., 2, 1 {1969)) for finding molecular ions, hut also 
q'ae the proqram the flexibility to use class-specific information 
wh?r available. The procedure will be to use these kinds of 
Flformstiol within a general ha!lristic search paradigm. 

?) fha section on aims indicat.ed some lonqer-term directions 



v5i.c~ miqhk he Dursuea. CJf th2Re, we feel that the incorporation 
3f three-iii mensional information into the proqram is perhaps most 
i npnrtant-. {e.g., representation of three dimensional information, 
molecular modellinq includinq stcric factors). Lederberg has 
pcevigusly discussed ways {Ref. 1) in which three dimersional 
information can be considered in the generation and representation 
of m3lecular structures. ?!orc recently, the work of aipke (J. 
4mer. Chin, Snc, in press; personal communication) in connection 
with computnr assisted orqanic synthesis has provided important 
re5ul.t.s which we wouli! attempt to utilize to avoid unnecessary 
luplica+ion of effort. We plan to collaborate uith Dr. G. Loew 
[Stanford Genetics Uept.) to utilize her available programs on 
nolezn!ar orbital methods to determine local minima for 
conformations. 

&nD+her lonqer term qoal which we feel is both interesting and 
important is the use of an extended Predictor (which we have 
previously described in the context of MS) to assist in 
ji;ti~qnishinq amonu potential solutions to a structure 
3Lacida+ion problem, We have recently carried out some extensions 
tn the 2xist inq Predictor by IncDcporatinq the ability to suggest 
n?ka?taible defozussing experiments. Further extensions to include 
Cnovlcdqe about other spectroscopic techniques and the information 
which can be elicited from these techniques are clearly feasible 
3n8 could be a powerful extension to our computer assistance 
?ff>rts, 

m -* Theory Formation 

322 inoortant aim of this project is to improve the existing 
theory formation capabilities and thus provide more assistance to 
scientists investigating reqularities within classes of compounds. 
This is a theory formation task at a very praqmatic level. The Il.5 
Fheorv that the proqram attempts to find is of the same form as 
the one practicinq mass spectroscopists use for structure 
?llci33+i3rl* Thus, resultinq pieces of theory are extensions to 
both thn szlentis+s' theory ani the computer's theory of the 
?iscipl,ine. To improve this program we need to complete the 
Plqn- Generate-Test program that has been started (as described in 
th? 3ppendsd annual report) an3 tune it over many test cases. We 
also w;sh to make the proqrams interactive and easy to use so that 
thay are more readily accessible. This can he done when the 
prorTrams are transferred +o the AIR-SUMEX facility. 

We plan to apply the theory formation proqram to two different 
kinds of data: (a) the data collected in the interest of 
gnderstandinq the mass spectronetrg of a particular class of 
conpnlin<s, as was done for estroqenic steroids, and (b) 
collections of diverse data that may provide some insight into 
note aener31 fraqmentation mechanisms. For example, we hope to 
fi73 qeneral rules analogous to the alpha-cleavage rule or the 
stability of aromatic rinqs. 

Th? INTSrJP proqram mentioned in Section (I) is the planning phase 
3f the theory formation proqram, It currently runs in batch mode 
32 StarforI*s 360/67 computer, We wish to add an interactive 
moni.tor to IYTSUY to qive an investigator the ability to set up 
his ?,wn conditions for interpreting tha mass spectra and to 
control tha type of summary he wis?-es to see. For example, if he 



is interested in the allowable hydroqcn transfers associated with 
329 spec ific process the proqram could be instructed to produce a 
very specific summary. Also, we wish to add an interactive 
proTram for answering questions about the results. For example, 
3~ investiqator should be able to find out easily how many 
nroc?ssns involve cleavaqe of a specific bond and how strong their 
r~sultinq P?S peaks are. 

?'he ZNTSUY proqram is now used routinely by mass spectroscopists 
at Stanfor enqaqed in investiqations of the mass spectrometric 
fr3qmPrtation of various classc?s of organic compounds, primarily 
;t.eroids. A manuscript is now in preparation (Ref. 54) describing 
the fraameltation of proqesterone and related compounds. The 
nrnqram was used extensively in this work. We are now heginninq a 
jetailed examination of the fragmentation of steroids related to 
tb3 an3rostane skeleton, particularly the biologically important 
t:>stosterones, We propose t:, continue to use the INTSUP! program 
in its present form and as i+ is improved in support of these 
st.udic?s. 

I'ha qsnerator of rules that we POW have, 9ULEGEN, does a credible 
iob of explaininq the reqularities summarized by XNTSUE1. It has 
foun3, for example, the well-known alpha -cl?avaqe fragmentation 
PlY3,?2SS an1 beta cleavaqe followed by rearrangement in the low 
r?sol,lti2n data for fifteen aliphatic amines. The program will be 
extended in two important ways to increase its utility: (i) the 
proaram needs to be able to work with an increase3 number of 
'=szrintive predicates in the qeneration of rules, and (ii) it 1 ._ 
neeas to h? qiver? a more flexible representation of complex 
fraqmFntati.on mechanisms so that it can m3ce easily find rules 
involving note than two bonds. 

We will continua workinq with low resolution P!S data of the 
753-200 nonofunctional aliphatic compounds studied previously in 
t-he context of the performance proqram. These compounds are 
dell-under-stood and thus provide a go03 test of the program*s 
-Ffectiven2ss. _ Tn order to insure generality in the theory 
Formation nroqrams, we will also test the system aqainst the high 
rnsoluti.on mass spectra of the 68 estrogrnic steroids. Since they 
3re also w211-understood, these compounds will show how well the 
nroqram can deal with complex ring systems, multifunctional 
Z3ntP5;1Il?3, cleawaqes involvinq more than two bonds, and high 
resolution data. 

"he existinq proqrar?s arc in qsnd working order - within definite 
Linits - s3 we expect to apply them to new sets of data from the 
SS 13Sosatory as interest arises. For example, as the high and 
10~ resolution KS from marine sterols are collected we expect to 
use INTSUP! and F.ULEGE?J (at least) to assist in the interpretation 
au3 generalization of these data, Since these problems will 
a?vanze th? state of knowledqc of PS, it is not correct to look on 
then as test problems, However, in the past the programs 
l?velone? most rapidly when they were applied to unsolved problems 
3f interest to our colleagues in the chemistry department. 

?or ??velopment of the interactive programs, we will rely heavily 
nn the criteria of acceptability by Stlnfor3 users. The programs 
themselves will be written in TNTZ:RLISP on the SUMEX computer, 
Tyitialtv, we will provide intaractive access to the control 
nararaetors of the proqrams in order to allow users to tailor their 



runt; C.o their immediate interests. Zater we hope to expand these 
to 2lLow intcrroqatlon of the programs with respect to both 
Tontents of the results and the program's reasoning steps, 

3. Ipplic3 tions to Biomedical Problems 

v ” c*n immediately offer +.c the user community the Planner, for 
analysis of HF/f!S in terms of molecular structure. The program is 
icsensi+ivs to the source of the 11s data, and we foresee 
significant use of the proqram for analysis of spectra of mixtures 
~itbont prior separation and spectra from the GC/HRFS facility 
witb3ut adjitional proqr3mminq effort. Examples of applications 
3~~3s are summarized below. 

ii? wis-, h to exploit our existinq capabilities of the analysis of 
hioloqical mixtures without prior separation (ref. 33). This 
approach will prove particularly useful in studies of mixtures 
which 3c1 difficult to separate and analyze by GC. Phytoecdysones 
r~lsted to ecdysone, an insect molting hormone, present swh a 
problem. EC of these compounds is very ?iFficult, although 
high-pressure li_quid chromatnqraphy has recently been used to 
zarry out separations. This class of compounds represents an 
lPt?resCI. nq and valuable test case for our combined MS and 
computer techniques, particularly the specification and subsequent 
acquisition of motastahlP defocussing data for precise linking of 
nStrent and frnqmenf ions in tFe spectrum of a complex mixture 
(r3fs. 28, 33). mad compourIs, mixtures and current structure 
eI.ucidatioo problems are available (Nakanishi, Columbia; Takemoto, 
fohoku University, Senc?ai, Japan). Althouqh most users cannot be 
s2mnle+ely specific as to the n2itur? of their future structure 
?lX~cidation problems, we feel that several of these problems can 
b? handled by such an approach. 

4s the str!lcture qenerater and its extensions are developed 
further. we foresee con+inuing use of an interactive version 
3p~lFe:l to specific problems of the user community. As an 
PX3ZlPler the work in collaboration uith the GFC project will 
involve sttllies cf several classes of compounds extracted from 
hunan body fluids (c. q., aromatic and aliphatic acids, various 
classes of bases, amino acids and carbohydrates) which contain 
cenresentatives varyinq by substitutions about a small number of 
~~L?cl~lar skeletons. The generator can define all isomers uhich 
aust be considered as possible solutions. 

FDr th>se prnblems which are amenable to attack by library search 
pfoce?!ures, e-q., screeninq of SC/LRRS runs of marine sterols to 
-#P?? out known COInpOUndS, ue pcop~se to use these procedures and 
to investiqate extensions to them. usinq a procedure related to 
that described by 3cLaffcrt.y [K-S. IZwok, et al., J Amer. Chem. 
sot., 95, b185 (1973), we seek to 3ltermino from nDdified library 
search techriques the known structures which yield similisr 
spectr;l. Utilizing the DEND%L structural manipulation routines, 
me would then seek to determlnp those related structures (#hose 
spectra are not in the library) which are possible solutions. R 
Librlrv, incl.udinq Wiswesser Line E;otation names, Pxists (F, W. 
YcLaEferty, private communication) and would be of some utility in 
ttTi.5 w3rk. 

The YS facility in conjunction with our proqrams will be used in 
studies of Ihe f 0llovir.q nature: 



1) Prof. Djerassi - we plan use of the t?S facilities and computer 
Droqrams in onqoinq research connected with existing NIH-supported 
stu lies on steroids an:! marine ster3fs and continued collaboration 
with Prof. Adlcrcreutz on estrogen mixtures isolated from body 
flUidS. Further collaboration with Praf. Adlercreatz will be on 
structural studies of new estroqen mefaholitcs whose presence in 
n!xt*lres has been inferred through our previous collaborative 
?ffC.JlT?LS. 

fhe work on marine sterols presently utilizes ?:/LE?r(rS and 
frequently laborious separation procedures to isolate individual 
fractions for HRMS analysis. GC/HRMS will be a siqcificant 
assistince in this effort. We plan MS stildies of known marine 
sterols (u+.ilizinq TNTS!JPI) to derive fraqmentation rules, which 
than will be used in the Planner to aid structure elucidation of 
rl?'W z ?mp2unds. 

:s~e also plan further work on extensions of IqS theory in the 
::tcr3i3 field, initially focussed on additional hiomedicafly 
iapoctact classes of steroids related to the preqnane 
fnroqesterones) and androstane (testosterones) skeletons. This 
work is currently being Carrie1 out by Dr. Smith ir. collaboration 
with two visitinq senior scientists [Dr. Roy Gritter, Dr. Geoff 
3?T3"l>V) currently on saFha+ical l.Pave fellowships. 

3) Chemistry Department Collaborators - as indicated by the 
responses summarized in the letters of interest (Appendix A), 
*here is significant interest in use of the HS facility by other 
NIS-supported members of the chemistry department. All those 
listed are famjliar with the technique of MS as applied to 
structure elucidation problems. East have 11sed MS frequently, 
aacticalarly Prof. Van Tamelen in his studies of the cyclization 
3f squalene and related studies in the terpenoid and steroid 
F;=ll, L ir. The interests of these collaborators are generally in HBES 
and 7C/HRrnS, with occasional use of other capabilities of the 
97;t.arn. The tvpos of compourds studied hv this group and an 
ildiz2tinn of the amount of USC expected are summarized in the 
letters of interest. 

31 "J-anet+cs Pesearch Center (Gr?C) : (Profs. J. Lederberg, H. Cann; 
Dr. fi. Duffield) 

?he body fluids analyzed by GC/LRMS 
+D ?ate include urine, blood, amniotic fluid and cerebrospinal 
FLli.3. 'Sach body fluid is fractionated into the following 
z9mpounr'l classes: 

9) Drqanic acids and neutral compounds 
b) amin? acids 
cl carbohydrates 

which ?ftcc appropriate derivatization are analyzed by 
;C/T,BYS/coraputer system. A library of known LRHS will serve as 
!-!I? nrimary means of identifyinq metabolites from their 
experimentally recorded LBYS. 

T i.n t\oss instances where the LP?lS is insufficient for metabolite 
!!3n+Ffication GC/Hl?PS data will be necessary to determine the 
cnmposi?ion of al1 ions in its mass spectrum. These data will 
qr?atlv enhance the prospects of identifying the metabolite in 
susstinn. 



It. is known [on past performance) that if a compound is present in 
303~ flnicl; at the level of 1 microqram per GC peak then gO0a 
qliality HRlMS will be recorded (ion amplitude dynamic range of 
1: lc?D, mass accuracy of +-5pnm) using the Varian !?AT 711 mass 
sD?ctrnneter. Tf the GC peak 3f interest contains insufficient 
nateria?. f or a HRMS scan then preparative "JC could be used to 
cDncen+rate that portion of the chromatograph effluent prior to 
s C/HR ?!s * 

2ri.or to the demise of the ACME comnutcr system {July 31, 1973) we 
developed a GC/HRM!S system 3na applied it to the analysis of 
3x+r3c+s from body fluids. The followlnq example represents 
r?slllts obtained with this system durinq its development. The 
example used was a routine analysis and was run to determine the 
can;lhility of the overall system dqrinq its development and not as 
3:: unknown. sample of extreme interest. 

The total ion plot recorded durinq the lifetime of the GC/HRMS 
analysis of an amniotic fluid is reproducea as Figure 1. A 
complete hiqh resolution scan was recorded on each of the peaks 
shoun in Fiqure 1. Filinq timz of the time-shared ACME computer 
s.yst?m did not allow the system to operate in a repetitive scan 
nole. For the sake of brevity only th2 GC/HRMS scan (# 1594, 
“irlara 3) correspondinq to qlutamic acid N-TFA O-n-Butyl ester 
deriv3tivr Fs produced. (The corresponding GC/T,PYS scan is Figllre 
2). The szan time per aeca?e of mass was 10.5 seconds, the 
resolution 6,500 and the matchinq tolerance for the assignment of 
emairic31 composition set to 4 mmu. The results shou that the 
systam was capable of accurate mass measurement with a dynamic 
ra!- qe in ion amplitude of about 33: 1 in this instance. 

“h? cessation of computer suppart for the GC/HRMS system did not 
allow a HFYS analysis to be made which was crucial to the 
Lde?tification of a metaholite present in a body fluid. Since 
th3i time however, several instances have arisen where GC/HRMS 
l3ta would have been collected in an effort to identify 
net abolLtes not previously seen. 

Th? cxp?cted sample throuqbput in the SRU project vith existing 
personnel is expected to approach 5 to 7 body fluir's per week (15- 
21 G:/I,?MS fractions to be run in the Genetics Department per 
week) a On avernqe GC/RFMS would be required on 1 - 2 samples per 
wnck. 

The research interests of the Medical School collaborators 
relative ta the proposed F'S resource are summarized in the letters 
of interest {Appendix A). The #S services required hy this 
cormunity will include GC/LRMS (Forrest, Sera, Kalman for drug and 
flruq metaholite identification, Rabinowitz and Wilkinson for 
nrostaqlandin identification, Pobin for identification of 
oxidized/r?duced rerlox pairs, Hollister foe Farihuana metabolites, 
E! archas, naarotransmitters, Pair, polynmines and the prostatic 
anttbacterial factor in urine); SC/HRRS (Trude11, drug metabolite 
i?entification, Kvenvolden, structure of amino acids and related 
,3mpoucc?s plus samples as required from interests described under 
;C/'T,RMS) * In thnse instances where the biological extract contains 
insufficient material for a GC/HRMS sc.an preparative GC, using 
3xistFnq Instrumentation within the chemistry department, can be 



usr3 +.n c?ncent.rate the materill prior to tha GC/!IRMS ar.alysis. 
rf t.he m3t?rial of interest is obtained relatively pure by this 
technique then ARMS analysis usinq direct snmpfe insertion into 
f-h . ..3 ion sotlrce would! be utilized. 

ts m?ntion2d above, several of the computer proqrams have 
immediate utilitv for assistinq with structure elucidation 
3c~hlems* Car example, the Structure Generator proqram can answer 
itciiCtllral isomerism questions Independently of mass spectrometry, 
14-q. I to prov%de lists of isomers in conjunction with isomer 
:ntercocversion problems such as carbonium ion rearranqements). 
alec311se the program will he able to qenerate complete lists of 
isomers with (or uithout) some specified structural features, a 
rn-,e3rchpr caE have confidence that no possibilities have been 
,v?rlnoked. Some interest in the structure qenerator has been 
exprassed by representatives of the phacmacelltical industry. The 
n??.erafior could be use? to sugqest complete sets of structural 
3 ltern3tivas for possible synthesis, once a physiologically active 
cnn qer~?r hss ken idectified. 

In more qzneral terms, the structure generator cap he 
cizhly suqqestive of new, unexplored areas of synthetic 
oraanir chemistry. for example, the qenerator has been used 
t7y 3 qr33u3t.e student in chemistry, Mr. Jan Simek, to 
i?nntify the space of possible Diels-Alder condensation 
products consisting of six atoms of any combination of 
C3Cb3R, nitroqen, oxyqer., and 5ulfrr in a 
six-aamhered rirq with one double bond. A literature 
se3r.. -h thronqh the Finq Index revealed that many of the 
rinq sys*ens have never hcen r~port.33. 
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Ttruzture eluci?!ation is an important and difficult problem for 
biomedical scientists. Rany of them lack +.he detailed chemical 
backqroond necessary to be effici.ent in this endeavor. Generally 
speakinq, they also lack the freguently complex and expensive 
?zfuipm?nt (e.q., high resolution mass spectrometers) to provide 
spectroscooic data to assist them in solving problems of molecular 
3truzt:1rs. We plan to provide the chemical and analytical 
exoertise to facilitate t?ie solution of their struct.ural problems. 
This research aims at providing more powerful techniques for 
Ietcrmininq molecular structures than are now routinely available. 
r p ~319 icular, we have proposed (a) providinq extended MS services 
3.c a means of collecting povarful analytic data for scientists; 
(h) -lenelosinq {and extendinq) sophisticated computer programs to 
issi_st wits the interpretation of the 3ata from mass spectrometry 
3~3 alseuhare (c) developing (and extending) novel. compilter 
programs to agsist with formulation of the rules of 
interpretation, and (d) applying these state of the art techniques 
to problem; of biomedical relevance. 3ur research group is thus 
dedicated to a broad-based attack on the apD1ication.s of structure 
?luci?Ia+ion to bioloqical and biomedical problems. 

YhP Droposet'l research not only holds promise for significant 
L>nq-term advances, it can 4av2 immediate benefits as well, Many 
nemberr of the biomedical community at Stanford have called upon 
the "1s laboratory for assistance in the past and will continue to 
?o so ir: the future. Thv proposed resource will provide the 
non?uit for a substantial increase in the ntilization of P!S within 
+h? Stanforl! biomedical community. The ability of the proposed 9 
c=.33urze to interpret the experimental data it generates (enhanced 
by the close proximity of the resource and biomedical community) 
sh3llll rnsalt in a successfIll program of interdisciplinary 
rQseesrc!l. 

3RYS i; 3n important source of data for these problems, and 
;C/!+R*S is still more important. Previous investment by the NIH 
in the !rarian FAT-711 HRES system at Stanford can he utilized now 
an< built lpon for the future. Continued operation of the K/MS 
;vstam will qiva the Ttanford common ity access to state-of-the-art 
spectroscopic techniques and to professional mass spectroscopists 
w h 3 sari heln with onqoing problems. 

?he computer programs themselves constitute a unique resource for 
assistinq with the structure determination. The previous NIH 
Jrlnt sunported development of the programs. Tn part, we are 
reguastinq funds to exploit these programs. 

OR? 3f the most siqnifican? aspects of this work is its 
icterAiscipli.nary view of solving molecular structure problems by 
in;elliqently directed search of the space of chemical graph 
structur=s. As a result of nosing the structure determination 
probqem in this framework, WC have been able to further the 
knowledge about struct-urc elucidation jn at least three ways. 
First, s3rn? of the knowledge used by analytlcaf chemists has been 
made more precise for use in a computer program. Second, 
coIlifyi??q such knowledqe for the computer has led to the discovery 



3f ICW rese;lrch areas to cxten3. our existirg knowledge of MS. 
l iC?VPra’l. publications listed ir, the bihlioqraphy (RPfs. 42 and 
fnIlDwinq) are reports of exactly this kind of research. Finally, 
t he zomp~t3r~s systematic search through th? space of possible 
structures qives the prac+.icinq scien+ist the confidence that no 
3 tr :1 ctures were merely overlooked. the efficiency of the program 
?epenl!.s on the exclusions of many whola classes of compounds, but 
th3 co~nnnfer will have reject el those classes using precise, 
?xnlicitly stated criteria, 

C!ur recent work on finding "IS interpretation rules (theory 
fDrm3+ion) can provide additional unique capabilities for 
assi.st!.nq with the problem solving. We wish to continue this 
research hacause it offers h3pe fnr a solution to the problem of 
Fucnisbinq real-world knowledq? to computer programs -- in 
natticillar t:, the computer proqrams that assist with structure 
eluciIatlon. This is a pressjng problem in current AI research. 
9igh norfocmance proqrams, of which DEIDRAL is most often cited, 
ierlve their power from l;irqe stores of knowledqe. Yet there are 
no routine methods for infusing such systems with knowledge of the 
task domail. We believe our research in theory formation holds a 
rev to the solution of this problem, 



v. FhCILIPfES F, EO?lIP!!ENT 

fh? Stanford gass Spectrometry Laboratory will provide YS services 
OR the Varian MAT-711 mass spe ztrometer couple:! with a 
".?wl?tt-P3ekard qas chromatoqraph (Model 76108). As service 
ilstrunents for more routine mass spectral analyses, the 
??kora+orY has a MS-? and CH-11 mass sp?ctrometcrs. 

nata red11ction is currently provided on Stanford's IBM 3701158 
z?,inpltcr il conjunction with a front-end PDP-l1/20 data 
ac7:lisi.t ion computer. (The PDP-11/20 presently has only the 
zauahilitv for buffering peak profile data between the mass 
spectrometer and the IEM 370/158 zoBputer at the Stanford Computer 
3entar.j An alternative to buying time on thi? 3?0/158 is proposed 
an3 discussed in the budget justification. 

T!ha 8: h,\ programs will he run on the NIH-sponsored AIM-SJJMEX 
zoapzter facility (a PDP-10 computer with the TRNEX operating 
syst3n, 192~ words of memory, and adequate peripherals for our 
purposes;) . Running these programs on SUPIFX rill incur no charge. 
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